We study a mesoscopic normal-metal structure with four superconducting contacts, two of which are joined into a loop. The structure undergoes transitions between three (meta)stable states, with different phase configurations triggered by nonequilibrium conditions. These transitions result in spectacular changes in the magnetoresistance. We find a qualitative agreement between the experiments and a theory based on the quasiclassical Keldysh formalism. DOI Conductance of a mesoscopic normal metal (N) with two contacts to superconductors (S) is an oscillating function of the phase difference of the order parameters in the contacts [1] . Such a system is called an Andreev interferometer as the oscillations are a result of quantum interference of quasiparticles that are Andreev reflected at the NS interfaces [2] . The influence of the phase on the observables of mesoscopic conductors [3] [4] [5] is reciprocated by the fact that the electronic properties of the N side affect the phase state of the superconductors. Examples of this are the -states found in nonequilibrium S-N-S Andreev interferometers [6, 7] and in S-F-S junctions [8, 9] , where F stands for a ferromagnet. A twocontact Andreev interferometer is characterized by a single phase difference whose value in equilibrium minimizes a free energy. Such phase states may be stable or metastable, as in interferometers with superconducting loops [10] in the presence of screening effects. In the general case of n S-N contacts the system should be described by a phase vector 1 ; 2 ; . . . ; n with components corresponding to phases i of different superconductors. Up to date mesoscopic N-S systems with multiple superconducting contacts with the problem of stability of different phase configurations have not been addressed to our knowledge.
In this Letter we investigate experimentally and theoretically hybrid N-S structures [see Fig. 1(a) ] consisting of a normal wire at the center, connected to a normal reservoir R on the right and a wide normal island L on the left. The center wire has four contacts to superconductors, and in some of the samples we also introduced thermometers Th 1 and Th 2 , which did not essentially affect the results of measurements. Two of the contacts, S 1 and S 0 1 , are joined into a loop, so that the superconducting phase difference between them is fixed by the magnetic flux. The total phase configuration of S 1 , S 0 1 , S 2 , and S 3 is set through stability arguments. We used the magnetoresistance to probe the phase configuration, which is a technique used recently to measure the phase states of a flux qubit [5] . This does not require additional structures as needed, e.g., in flux measurements [9] . By applying control current I H to the contacts H 1 and H 2 we were able to drive electrons into nonequilibrium. In the absence of the control current we observe the well-established flux periodic oscillations [1, 3, 4] . The oscillation pattern changes dramatically under nonequilibrium conditions (see Fig. 2 ), showing spectacular transitions between states with different phase configurations (Fig. 3) . By studying the stable points of the phase dynamics, we identify the possible phase configurations as those shown in Fig. 1(c) . The result can be understood as follows: First, the phases =2 on the S 1 contacts are fixed by the applied magnetic flux loop , and the phases L=R at S 2 , S 3 must satisfy the condition that no current flows into S 2 and S 3 . Suppose now the S-N-S links S 1 -S 2 and S 1 -S 3 did not affect each other -the cross-coupling does not essentially change the conclusions (see below). Then, I 1ÿ2 L I 1ÿ3 R 0 would be achieved by L;R 0 or , as in usual S-N-S junctions, with the -state realized only when the energy distribution of the electrons in the junction deviates sufficiently from its equilibrium form. [6, 7] In our structure, a nonequilibrium generated in island L penetrates in the center wire, and is stronger at S 1 -S 2 than at S 1 -S 3 . Increasing I H should thus trigger consecutive switching of the two junctions, which then should be visible in the magnetoresistance.
The structures were fabricated using standard techniques (see, e.g., [1, 5] ). The normal part was made of 30 nm thick silver (Ag) film. The second layer was made of 55 nm thick aluminum (Al) film used as a superconductor. Resistivity of the Ag film was 2 cm with diffusion constants D 130 cm 2 =s. The right reservoir is in good thermal contact with massive Au pads so that its temperature is fixed by the substrate and the quasiparticle distribution function is close to its equilibrium form. The left island we call a quasireservoir, as the relaxation in it is insufficient to thermalize the electrons, but it is large enough to suppress the proximity effect from the central N-S contacts. Figure 2 shows the magnetoresistance of the sample shown in Fig. 1 at various Fig. 3 , which shows the resistance as a function of I H for three values of the flux loop . When the sample is heated uniformly by changing the bath temperature T, the magnetoresistance remains qualitatively similar to the lowest curves in Fig. 2 . This indicates that the jumps in the magnetoresistance occur due to nonequilibrium.
To describe the nonequilibrium transitions in our multiterminal structure, we model the dynamics of the phase vector. We assume that the superconducting terminals are in equilibrium, and employ a resistively and capacitively shunted Josephson junction model [11] 
The currentsĨ entering the terminals drive the phases, which respond according to a capacitance matrix C. Stability of stationary states,t const, can be analyzed using standard methods for dynamical systems. It is useful to split the currents to a stationary partĨ S and a dissipative part, described by a conductance matrix G. The former can be conveniently evaluated with the dirty-limit quasiclassical theory [12] . Finding the dissipative term within this theory is complicated [13] , and we approximate G with a constant matrix. Conclusions below do not depend on the details of C and G.
To model qualitatively the effect of nonequilibrium oñ I S , we use the following approach. Assuming the inelastic scattering is sufficiently weak in quasireservoir L, the distribution function f q E there obtains a nonequilibrium form [14] . For simplicity, we neglect the effects of superconductivity on f q E. In this case, the heating is described by the voltage V H I H across the heating contacts, resulting to the distribution function f q , Fig. 1(c) . (Ω) Reservoir R is assumed to be in equilibrium, and hence [6, 7] as illustrated in the inset of Fig. 4 To proceed analytically further, we can find the highenergy expansion for j S in our multiterminal structure, [7, 18] and evaluate Eq. (3). We then obtain the hightemperature limit for the potential
FIG. 4 (color online). Potential at the (approximate) stable phase states 0-0, -0, and -as a function of the heating voltage V H , for 0, L ! 0, and k B T=E T 5 in the geometry in Fig. 1(b) . Numerical results are indicated by dots, Eq. (4) by lines. The potential is defined with respect to the state 0; 0 separately for each V H , the Thouless energy E T @D=d 2 50 mKk B corresponds to the distance d between S 2 and S 3 , and E 0 J @E T =e 2 R S 2 -S 3 . The equilibrium state 0-0 is the ground state of the system for small V H , and the transitions between the states occur at V H 45E T =e and V H 53E T =e. These crossover voltages depend on . They are also close to each otherthe difference to the experiment is likely due to the simplified model for f q I H . Inset: Distribution function 1 ÿ 2f (dotted line), the spectral supercurrent j S (solid line), and their product (shaded) near S 1 -S 3 , for V H 44E T . Large V H increases the negative contribution to integral (3). [7] , L the inductance of the loop, d mk the distance between terminals m and k along the wires, and A mk an effective junction area. Assuming all the wires have the same cross section A, A S 1 S 2 A S 0 1 S 3 A=2, and A mk A=4 for other pairings.
From Eq. (4), or the numerically integrated F , it turns out that the possible stable states of the system correspond approximatively to the phase configurations shown in Fig. 1(c) , for loop inductances L & @=2eI c V H 300 pH (for the V H at the first transition). For illustration, we plot in Fig. 4 the potential at these three states as a function of the heating voltage V H . Some of the full potential data is shown in the auxiliary material [19] .
We calculate the magnetoresistance by first finding the stable phase state within the approximations outlined above and then solving the conductance from the Usadel equations numerically, taking, e.g., nonlocal Josephson effects into account. [4, 12] Results are illustrated in In the 0-0 state, there is a resistance minimum for zero applied flux and a maximum when the flux is close to half a flux quantum. In the -0 state, the resistance is at minimum for both of these values of the flux: an up-down symmetry of the structure would force the two resistances equal (for L 0). In the theory, details of the oscillations depend on the geometrical symmetry of the structure. For the -state, the measured oscillations are inverted vs the 0-0 state. In the theoretical model, we have only found inverted oscillations for a small range of V H close to the -0 ‫ۋ‬ -crossover, but in principle there is no symmetry in the model that would forbid them for a wider range of V H in a suitable geometry.
Our qualitative model (2) for the heating also requires a geometry different from the scanning electron microscopy (SEM) picture, see Fig. 1(b) , to have a nonequilibrium sufficiently strong to produce two transitions. We attribute this to finite inelastic relaxation lengths and effects due to superconductivity in the heater. The latter also implies that comparing theoretical crossover voltages to the experiment is problematic. We also note that the measured N-S resistances R S 1 N 1 ÿS 2 N 2 and R S 3 N 1 ÿS 2 N 2 show only a single transition, whereas the theory predicts identical transitions for all resistances. This may be due to the measurement current I meas 0:2 A, whose magnitude is comparable to the supercurrents, disturbing the phase configuration.
Summarizing, we have observed that the magnetoresistance of a multicontact Andreev interferometer shows transitions between different (meta)stable states. Theoretically, we explain these as different phase states, corresponding to separate nonequilibrium-induced 0-transitions in two of the S-N-S Josephson junctions inside the interferometer. Our findings show how the conductance can be used to monitor the phase states, in accord with a recent suggestion [5] .
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